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PROCESS AND LOW SODIUM CATALYST FOR THE PRODUCTION OF 
FORMALDEHYDE FROM METHANE 
Background of the Invention 

1. Field of the Invention 

This invention relates to a highly selective 
method of producing formaldehyde f HCHO, by the partial 
oxidation of methane using a special type of catalyst 
and to a unique, highly selective formaldehyde-forming 
catalyst, 

2. Description of the Previously Published Art 
The major commercial process to make formaldehyde 

is from methanol. This involves the steam reforming, of 
methane with high grade heat to convert the methane 
into. syn gas. The syn gas is reacted to^ form methanol 
while giving off low grade heat. Then the methanol is 
oxidized to formaldehyde while giving off additional 
low grade heat. This synthesis procedure requires 
multiple steps and it involves poor energy usage. 

In the past a small fraction of formaldehyde was 
made by the partial oxidation of lower petroleum 
hydrocarbons which involved the partial oxidation of 
the hydrocarbon gas with air or oxygen under pressure , 
followed by rapid cooling , condensation f and absorption 
of the products in water to give a crude solution , 
which must then be refined to separate formaldehyde 
from the other reaction products, such as methanol, 
acetaldehyde, propyl alcohol, propionaldehyde, and 
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organic acids. Formaldehyde is isolated as a dilute 
solution, which must be concentrated to market 
strength. Propane and butane are the basic hydrocarbon 
raw materials for formaldehyde. Products manufactured 
by oxidation of propane and butane include 
formaldehyde, acetaldehyde , acetone, propionaldehyde, 
methanol, n-propyl alcohol, isopropyl alochol, and 

butvl alchols. 

" The German Of fenlegungsschrift 2,404,738 to Bayer 
discloses oxidizing methane to formaldehyde by using 
manv different types of metal oxides which may be 
placed on manv different types of supports. The metal 
oxides are in Groups V, VI and/or VII of the Periodic 
Table. Among those listed are oxides of vanadium, 
niobium, tantalum, chromium, uranium, molybdenum, 
tungsten, manganese, technetium and rhenium, mixtures 
of these oxides with each other, and mixtures of these 
oxides with other oxides such as silica, alumina, iron 
oxide, calcium, oxide, magnesia, sodium oxide or 
potassium oxide. In the first example using methane, 
the catalyst is 10 wt% Mo as Mo0 3 on silica. 

This reference is not helpful in finding an 
optimum methane conversion catalyst. It provides no 
attention as to the criticality of the support. It 
groups silica with alumina and other metal oxides yet, 
as will be shown in the following examples, alumina 
when used as a support is not as effective as the 
catalyst of the present invention. 

Furthermore the Bayer reference provides no 
attention to the criticality of having a low sodium 
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concentration. As will be shown in the following 
Comparison Example 1 and reported in Table 1, even when 
the Bayer molybdenum oxide-silica combination is used, 
as in Example 1 of the German patent application, the 
selectivity to formaldehyde is lower than that obtained 
with the present invention. This difference in result 
is believed due to the significant levels of sodium 
which can be present in silica. Sodium is present in 
most forms of silica that are synthesized in aqueous 
media because the conventional starting materials 
contain sodium. Of fenlegungschrift 2404738 goes so far 
as to specify that up to 5 wt% Na 2 0 may be present in 
the working catalyst. As will be shown in Examples 
7-1 0, sodium in these concentrations has a profoundly 
deleterious effect on selectivity to formaldehyde in 
the partial oxidation of methane. 

U. S. Patent No. 3,996,294, to Imre et al and 
assigned to Bayer discloses the use of a silica 
catalyst which does not contain any molybdenum to 
produce formaldehyde from methane. As will be shown in 
the examples, a catalyst consisting purely of silica, 
such as Cabosil (a product of Cabot Corporation) , 
exhibits a lower selectivity to formaldehyde than is 
obtained with the catalyst of the present invention. 
Some of the examples in the Imre et al patent employ 
catalysts made substantially of silica along with small 
amounts of other metal oxides. There is no example 
given of using molybdenum oxide, although, as in the 
companion German Of fenlegungsschrift , there is a broad 
list of metal oxides which can be used, including 
oxides of aluminum, iron, vanadium, . molybdenum, 
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tungsten, calcium, magnesium, sodium or potassium with 
a specific reference that up to 5% of Na 2 0 can be used. 

Japanese Patent Publication 58-92629 discloses a 
Si0 2 -Mo0 3 catalyst, using NjO or oxygen as oxidants. 
They report negligible selectivity to methanol or 
formaldehyde in the case of 0 2 oxidation. In the 
publication of Liu et al (J. Chem. Soc. Chem.. Commun. 
1982, 78 and J. Am. Chem. Soc, 1984, 106_, 4117) a 
raolybdena-silica catalyst is described, which also uses 
nitrous oxide for the partial oxidation of methane to 
formaldehyde and methanol. The use of N 2 0 as an 
oxidant is prohibitively expensive. Also, the silica 
in the catalyst is a fumed silica which is an expensive ^ 
form of silica. 

British Patent 1398385 discloses a methane partial 
oxidation catalyst consisting of Mo0 3 and CuO in the 
absence of carrier or binder. The inventors state, 
however, that the presence of at least 2 vol. % of a 
' higher hydrocarbon must be present for the process to 
be effective, and their principal oxygenated product is 
methanol. Formaldehyde selectivity reaches a maximum 
of 15.5% 

British Patent 1244001 discloses several catalysts 
for the partial oxidation of hydrocarbons. All of 
these catalysts contain MoOj. The inventors claim that 
the principal oxygenated product is methanol, and the 
maximum selectivity to formaldehyde is 8%. 

3. Objects of the Invention 

It is an object of this invention to produce 
formaldehyde from methane without the production of a 
large number of by-products so as to avoid the 
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attendant separation problems and to obtain a catalyst 
which produces this result* 

It is a further object of this invention to 
partially oxidize methane to form formaldehyde. 

It is a further object of this invention to 
convert methane to formaldehyde with high selectivity. 

It is a further object of this invention to obtain 
a methane conversion catalyst which converts methane to 
formaldehyde with high selectivity. 

It is a further object of this invention to 
produce a methane conversion catalyst with a silica 
support having a low sodium concentration.. 

It is a further object of this invention to 
produce a methane conversion catalyst from economical 
and commercially available forms of silica which are 
treated to reduce the sodium content. 

It is a further object of this invention to 
produce a methane conversion catalyst from an acid 
washed silica or an acid washed precipitated silica 
which has a low sodium level. 

It is a further object of this invention to 
produce a methane conversion catalyst with an ultrapure 
silica support having a low sodium concentration. 

It is a further object of this invention to 
produce a methane conversion catalyst having a 
selectivity of greater than 40% to the formation of 
formaldehyde when operating at an oxygen consumption 
value of 3.2%. 

These and further objects will become apparent as 
the description of the invention proceeds. 



WO 86/06063 



PCT/US86/00474 



- & - 



Summary of the Invention 

A catalytic process has been developed which 
converts methane to formaldehyde with high selectivity. 
It employs a catalyst which is made of molybdenum 
.trioxide, M0O3, supported on silicon dioxide (silica) 
containing low levels of sodium, The molybdenum 
trioxide is present in concentrations from a 
catalvtically effective amount to 50 wt. % Mo, and 
especially preferred values are between about 0.5 wt. % 
and 15 wt. % Mo. Although higher M0O3 loadings such as 
greater than 15 wt. % Mo could be used, such catalysts 
rapidly lose Mo0 3 due to sublimation. Because this 
sublimation loss could have serious consequences on 
downstream processes, such high M0O3 loadings are not 
preferred. The silica support can have a surface area 
in the range of 20-1000 m 2 /g, and more preferably in 
the range of 30-600 m 2 /g. The silica support should 
contain a low amount of sodium such as in the range of 
between 0 and 350 ppm Na, preferably between 0 ppm and 
100 ppm Na and most preferably between 0 and 20 ppm Na 
or at a level of 1 ppm or less. Commercially available 
and relatively inexpensive forms of silica such as 
silica gel or precipitated silica can be used and 
treated with an acid wash to remove the excess sodium. 

A novel Mo0 3 containing catalyst which provides 
the highest selectivity for converting methane to 
formaldehyde utilizes an ultrapure silica support which 
has a silica content of at least 99.99 wt% silica and a 
sodium content of less than 50 ppm. More preferably 
forms have sodium contents of less than 4 ppm and more 
preferably less than 2 ppm. These catalysts provide 
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very high turnover numbers on the order of 38 
micromoles of formaldehyde per square meter of catalyst 
per hour. Such a turnover rate is approximatley 6 
times higher than similar Mo0 3 loaded catalysts where 
the support is a fumed silica. Higher turnover numbers 
are advantageous , since they allow reactors to be 
reduced in size, with a consequent decrease in capital 
outlay. 

Description of the Preferred Embodiments 

The present invention discloses the ability to 
have methane converted to formaldehyde with a high 
selectivity by reacting methane simultaneously with a 
molecular oxygen containing gas when employing a 
catalyst having a catalytically effective amount of 
Mo0 3 on a silica support where the silica support is 
critically selected such that it has a sodium content 
of less than 350 ppm Na. As will be seen in the 
following examples, this encompasses a broad range of 
silica supports. Commercially available and relatively 
inexpensive forms of silica such as silica gel or 
precipitated silica can be used and treated with an 
acid wash to remove the excess sodium. Among the 
preferred silica supports is an ultrapure silica having 
a Si0 2 content of at least 99.99 wt%. This silica can 
be prepared by the hydrolysis of a silicon 
tetraalkoxide . A catalyst made from this ultrapure 
support is shown to have the highest selectively and 
the highest turnover numbers. 

The catalyst can be prepared by either the 
incipient wetness technique or by evaporation to 
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dryness of a slurry of the low sodium form of silica in 
a molybdenum-containing solution. In the incipient ^ 
wetness technique particles of silica are impregnated 
by an amount of a molybdenum-containing solution equal 
to the pore volume of the silica being impregnated. In 
the evaporation to dryness technique the particles of 
silica are placed in a volume of aqueous 
molybdenum-containing solution and the solvent 
evaporated . 

If the catalyst is in a powder form, it can be 
pelleted, crushed and screened to obtain uniform size 
particles for loading into the reactor. The size of 
the particles can be adjusted and selected depending on 
the geometry of the reactor. 

The preferred form of molybdenum for impregnation 
is ammonium paramolybdate, which dissolves in water or 
in a very dilute hydrogen peroxide solution. Other 
possible molybdenum salts would include molybdenum 
oxalate and possible phosphomolybdic acid. 

The catalysts produced by either of these 
preferred methods have the molybdenum trioxide, Mo0 3 , 
present in concentrations between a catalytically 
effective amount which can be as low as 0.5 wt. % and 
50 wt. % Mo, and especially preferred values are 
between 0.5 wt. % and 15 wt. % Mo. When catalysts are 
made with Mo0 3 loadings higher than about 15 wt. % Mo, 
the catalysts rapidly lose some of the Mo0 3 due to 
sublimation. These higher Mo0 3 loaded catalysts are 
not preferred because the sublimed Mo(> 3 could travel to 
downstream processes where it would adversely affect 
these processes. 
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For the molybdenum trioxide-silica catalysts to be 
maximally selective for formaldehyde synthesis from 
methane, it appears the silica component must possess a 
low sodium level. This result may be achieved by using 
silica with an intrinsically low sodium level such as 
Cabosil, a product of Cabot Corporation, or by removing 
sodium from a form of silica with an intrinsically high 
sodium level such as Intermediate Density ("ID") Silica 
Gel or a precipitated silica such as Sylox-15. Both of 
these products are made by the Davison Chemical 
Division of W. R. Grace & Co. A further way to achieve 
the low sodium level is to use an ultrapure form of 
silica which has a Si0 2 content of at least 99.99 wt. 
%. This can be made, for example, by the hydrolysis of 
a silicon tetraalkoxide . 

The silica should ultimately have a sodium content 

in a range of between 0 and 350 ppm Na, preferably 

between 0 ppm and 100 ppm Na and most preferably 

between 0 and 20 ppm Na or at a level of 1 ppm or less. 

As will be illustrated in Examples 7-10, the presence 

of even small concentrations of sodium has a profoundly 

deleterious effect on the HCHO selectivity of methane 

oxidation, when it is catalyzed by the Mo0 3 ~Si0 2 

system. The surface area of the silica is in the range 

of 20-1000 m 2 /g, preferably between 30 m 2 /g and 600 

2 " 
m /g. 

Although fumed silicas can have low sodium 
contents, acid washed silica gels and precipitated 
silicas have the significant advantage of being between 
one half and one third as expensive, mainly due to the 
far lower raw material costs involved. 
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The catalyst can be used to oxidize methane to 
formaldehyde at temperatures preferably between 500 and 
700°C, a variety of pressures including atmospheric, 
space velocities between 1,000 and 20,000 hr -1 (GHSV at 
NTP) and gas compositions from 0.5% 0 2 (as oxygen or 
air) in CH 4 to the upper explosion limit which is 
dependent on pressure and concentration of inerts as 
discussed by C. M. Cooper and P. J. Weizevich, Ind. 
Eng. Chem., 21, (1929) 1210. Under optimal conditions, 
formaldehyde selectivities in excess of 90% (carbon 
basis) can be obtained. 

The oxygen consumption value is determined as the 
difference between the inlet and outlet oxygen 
concentrations . - When operating at oxygen consumption 
values of 3.2%, the catalysts made according to the 
present invention desirably have selectivities of 

greater than 40%. 

The ultrapure silica support is preferably made by 
hydrolyzing an alcoholic solution of a silicon 
tetraalkoxide such as silicon tetraethoxide, followed 
by slow drying and calcination. 

Having described the basic aspects of our 
invention, the following examples are given to 
illustrate specific embodiments thereof. 



Example 1 

This example illustrates the preparation of a 
catalyst using an ultrapure form of silica. 

The ultrapure material was made by dissolving 104 
g silicon tetraethoxide in 104 g ethanol. Concentrated 
ammonia solution was added to the mixture until the pH 
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exceeded 9.0. Gellation began to occur immediately , 
and the supernatant was allowed to evaporate overnight. 
The gel was dried at 70° for 5 days in air, followed by 
calcination at 500 °C for 2 hours in air. 

A catalyst was prepared by impregnating 5 g of the 
silica thus formed by incipient wetness with 0.158 g 
ammonium paramolybdate 4-hydrate and calcining at 482°C 
for three hours. The resulting catalyst had a 
molybdenum loading of 1.6 wt% and sodium level below 
the detection limit of inductively-coupled plasma 
analysis techniques. The BET surface area was 47 m 2 /g. 
The catalyst was pressed together, crushed and screened 
to US 25-35. 

Example 2 

This example illustrates the preparation of a 
catalyst using a fumed silica. 

The catalyst was prepared by impregnating 50 g. of 
"Cabosil", a fumed silica made by Cabot Corp. with 
10.82 g ammonium paramolybdate 4-hydrate by incipient 
wetness and calcining the impregnated product at 482 °C 
for 3 hours. The resulting catalyst had a molybdenum 
loading of 9.75 wt.% and a sodium level lower than 4 
ppm. The surface area was approximately 210 m 2 /g 
(BET). The catalyst was pressed together, crushed and 
screened to U. S. 25-35. 

Example 3 

This example illustrates the preparation of a 
catalyst using an acid washed silica gel. 

A 15 g portion of dry Davison "ID" silica gel, 
which had previously been washed in dilute H-SO, 
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solution having a pH of 3 at LOO'C for 2 days, was 
screened to US 25-35 and impregnated by immersion in a 
solution of 3.25 g ammonium paramolybdate 4-hydrate in 
30 cc water, followed by evaporation to dryness and 
calcination at 600°C for 4 hours. The resulting, 
catalyst had a surface area of 232 m 2 /g, a molybdenum 
loading of 8.63 wt.% and a sodium level less than 20 
ppm. 

Comparison Example 1 
This catalyst was prepared using a commercially 
available silica gel where the sodium content was not 
reduced . 

A commercial grade silica gel, "Davison "ID", 
manufactured by the Davison Chemical Division of W. R. 
Grace & Co.', was used without further processing. A 
catalyst based on this material was prepared by 
following the method of Example 2 with the exception 
that the H 2 S0 4 treatment, which lowers sodium content, 
was not carried out. The resulting catalyst had a 
molybdenum loading of 9.7 wt.%, a sodium level of 520 
ppm and a surface area of 282 m 2 /g (BET) . This 
example, in effect, is what one would produce by 
following Example 1 of the Bayer German 
Offenlegungsschrift 2,404,738. There Bayer makes no 
reference to the need to limit sodium content and 
consequently it is likely that the silica used has a 
relatively high sodium level. Supporting this 
interpretation is the statement on page 4 of the 
publication that up to 5 wt.% Na 2 0 may be present in 
the working catalyst. 
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Example 4 

This example illustrates the preparation of a 
catalyst using an acid washed precipitated silica. 

A 5 g sample of dry Davison Sylox-15 silica, which 
had previously been washed briefly at room temperature 
in dilute H 2 S0 4 at a pH of 3, was impregnated by 
incipient wetness with 1.08 g ammonium paramolybda-fce 
4-hydrate dissolved in water. The resulting solid was 
calcined at 482°C for 3 hours., pressed together, washed 
and screened to US 25-35. The catalyst had a Mo 
loading of 9.9 wt. %, a sodium level of 310 ppm and a 
surface area of 164 m 2 /g (BET) . 

Example 5 

.This example illustrates the preparation of a 
catalyst using an acid washed silica gel having a lower 
Mo loading. 

An acid washed silica gel catalyst was prepared 
according to the procedure in Example 3 except that the 
molybdenum loading was controlled to be only 1.8% Mo 
and the sodium level was reduced to 1 ppm. 

Example 6 

This example illustrates the preparation of a 
comparison catalyst using alumina as a support. 

In a mixture of 31 g hydrogen peroxide (30%) and 
379 cc water was dissolved 69.4 g ammonium 
paramolybdate 4-hydrate. The solution was then mulled 
into 500 g of an alumina made according to the 
procedure of D. S. Patent No. 4,154,812 and the paste 
extruded, dried overnight at 230 °F, calcined for 3 
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hours at 900 °F, crushed and screened to US 25-35. The 
catalyst had a Mo loading of 11.8 wt.%, a sodium level 
of 290 ppm and a surface area of 180 m /g (BET) . 



Example 7 

This example sets forth the evaluation of the 
catalysts made in Examples 1-6, Comparison Example 1, 
pure Cabosil, and the ultrapure support material made 
in Example 1 without any MaOj. 

A 0.20 g (approx. 0.54 cc) sample of the screened 
catalyst was placed on a ouartz frit in a 3/8" O.D. 
ouartz tube and covered with 0.2 g US 25-35 screened 
quartz, which formed a preheating zone. A thermocouple 
was inserted into the bed such that its tip was at the 
entrance -to the catalyst section. 

Gas mixtures consisting of 95% methane and 5% 
oxygen and 90% methane and 10% oxygen, were passed 
through the tube at 1 atro, at gas hourly space 
velocities of 2500-10,000 hr" 1 (NTP) while the tube was 
heated to 575°, 600% 625° and 650°C. The exit gases 
passed through heat traced Teflon (R) lines to a gas 
chromatograph where formaldehyde and carbon dioxide 
were analyzed in a Poropak T column in series with a 
methanizer and flame ionization detector. Other gases 
were analyzed using a thermal conductivity detector 
with a carbosphere column. The methanizer had been 
calibrated for formaldehyde against the chromatropic 
acid method. See West, P. W. and Sen B., Z. Anal. 
Chem. 153 (1956) 177-183. The results are set forth in 
Table 1. In this table oxygen consumption is defined 
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as the difference between the inlet and outlet oxygen 
concentrations at an operating pressure of 1 atm. 
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As the methane oxidation reaction continues to 
proceed further, as measured by the higher oxygen 
consumption, the selectivity to the formaldehyde 
intermediate decreases because more of the final end 
products of CO, C0 2 and H 2 0 are formed. Within the 
range of conditions studied, the selectivity appeared 
to be a function of oxygen consumption, irrespective of 
the combination of temperatures and space velocities 
necessary to achieve this consumption. 

The results show that the silica supported 
catalysts according to the present invention in 
Examples 1-5 are superior catalysts with selectivities 
as high as 96% whereas the alumina supported catalyst 
in Example 6 which does not contain silica is an 
unacceptable catalyst with no detectable formaldehyde 
synthesis activity. 

Pure silica in the form of Cabosil showed some 
activity as an oxidation catalyst, but displayed a much 
lower selectivity to formaldehyde than the Mo0 3 
containing catalyst according to the present invention 
in Examples 1-5. Similarly just using ultrapure silica 
from Example 1 without any MoO^ resulted in a poor 
catalyst with low selectivities. 

Also presented in Table 1 were the two data points 
reported in Bayer German Of fenlegungsschrif t 2,404,738 
(for 10 wt.% Mo and Mo0 3 on Si0 2 ) and in Imre et al. 
U. S. Patent 3,996,294 for pure silica. From reading 
the patents, there is no indication of the criticality 
of having a low sodium content. In Comparison Example 
1 a Mo0 3 »silica catalyst was made following these prior 
art teachings with a commercially available silica gel 
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where no attempt was made to reduce the sodium content. 
At each of the 0 2 consumption levels the selectivity of 
the catalyst of Comparison Example 1 is less than the 
levels obtained by using the low sodium catalyst 
according to the present invention. 

The catalysts were also evaluated with a feed^ 
strejam of 10% 0 2 in methane, at 650°C, at 2500 hr" 
(GHSV, NTP) , and at 1 atm. The % methane conversion as 
determined by gas chromatography and the turnover 
number in micromoles methane converted per square meter 
of catalyst per hour (a measure of specific activity) 
are set forth in Table 2. 
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These results show that the ultrapure 
silica-supported molybdena catalyst has an 
exceptionally high specific activity. The molybdena- 
containing catalysts have activities which are higher 
than those of silica-only catalysts and the acid washed 
silica gel-supported molybdena catalyst has more than 
twice the specific activity of the "as received" silica 
gel-supported molybdena catalyst. The alumina- 
supported catalyst also has a high specific activity 
but as was set forth in Table 1, it produces no 
detectable formaldehyde and the methane is principally 
oxidized to carbon oxides and water. 

Examples 8-11 

These examples illustrate the effect of various 
concentrations of sodium on two types or silica 
supports . 

Cabosil has less than 4 ppm Na and thus a 
sodium-loaded version was made by washing it in a 
dilute solution of sodium hydroxide having a pH of 10.2 
at 100°C. Silica gel, on the other hand, contains 
substantial sodium as manufactured. Low-sodium 
versions were made by washing in dilute H 2 S0 4 having a 
pH of 3 at different temperatures. The supports were 
made into catalysts using the method of Example 2 for 
the treated and untreated Cabosil and the method of 
Example 3 for the treated and untreated silica gels. 
The catalysts were .tested according to the procedure in 
Example 7 and the results are set forth in Table 3. 
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Thus it can be observed that irrespective of the 
nature of the silica support, the presence of even 
small concentrations of sodium has a profoundly 
deleterious effect on the HCHO selectivity of methane 
oxidation when it is catalyzed by the Mo0 3 -Si0 2 system. 

Examples 12 and 13 
These examples illustrate the efficiency of 
catalysts having low Mo0 3 loadings on silica for the 
partial oxidation of methane. 

Acid washed silica gel catalysts were prepared 
according to the method set forth in Example 3, with 
the exception that the Mo loadings were 1.8 and 10%. 
The catalysts were tested according to the general 
procedure in Example 7 but at conditions of a GSHV of 
2500 hr"* 1 at NTP, 1 atmosphere pressure, 10% 0 2 in CH 4 
and 650 °C. The results are set forth in Table 4. 
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The activity as measured by methane conversion and 
formaldehyde yield under identical conditions is higher 
for the catalyst containing the lower level of 
molybdenum of 1.8%. Yield is defined as the product of 
selectivity and conversion. a 

It is understood that the foregoing detailed 
description is given merely by way of illustration and 
that many variations may be made therein without 
departing from the spirit of this invention. 
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WHAT IS CLAIMED IS ; 

1. A process to make formaldehyde from methane 
comprising partially oxidizing methane with a molecular 
oxygen containing gas over a catalyst comprising Mo0 3 on 
a silica support havinq a low sodium content of less than 
350 ppm r said amount of Mo0 3 being at least a 
catalytically effective amount and up to an amount where 
the Mo content is about 50% by weight of the catalyst. 

2. A process accordinq to Claim 1, wherein the 
support is a silica selected from the group consisting of 
silica obtained from the hydrolysis of silicon tetra- 
alkoxides, fumed silica, acid washed silica gel, acid 
washed precipitated silica and mixtures thereof. 

3. A process according to Cl»im 1, wherein the silica 
support has a BET nitrogen surface area of at least 20 
m 2 /g. 

4. A process according to Claim 1, wherein the 
silica support has a sodium content of less than 100 ppm. 

5. A process according to Claim 4, wherein the 
silica support has a sodium content of less than 20 ppm. 

6. A process according to Claim 5, wherein the 
silica support has a sodium content of about 1 ppm or less. 

7. A process according to Claim 1, wherein the 
amount of Mo0 3 , expressed as wt% Mo f is an amount up to 
15 wt% MO. 

8. A process accordinq to Claim 7 , wherein the 
amount of Mo0 3 is from about 0.5-15 wt% Mo. 

9. A process accordinq to Claim 2 f wherein the 
silica is a silica obtained from the hydrolysis of silicon 
tetraalkoxides and the sodium content is less than 4 ppm. 
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10. A process according to Claim 9, wherein the 
sodium content is less than 2 ppm. 

11. A process according to Claim 1, wherein the 
silica support is an acid washed silica gel. 

12. A process according to Claim 1, wherein the 
silica support is an acid washed precipitated silica. 

13. A catalyst suitable for the partial oxidation 
of methane comprising Mo0 3 on a silica support selected 
from the group consisting of acid washed silica gel, 
acid washed precipitated silica and mixtures thereof 
having a low sodium content of less than 350 ppm, said 
amount of M0O3 being at least a catalytically effective 
amount and up to an amount where the Mo content is 
about 50% by weight of the catalyst. 

14. A catalyst according to Claim 13, wherein the 

silica support has a BET nitrogen surface area of at 
2 

least 20 m /g. 

15. A catalyst according to Claim 13, wherein the 

sodium content is less than 100 ppm. 

16. A catalyst according to Claim 15 wherein the 
sodium content is less than 20 ppm. 

17. A catalyst according to Claim 16, wherein the 
sodium content is about 1 ppm or less. 

18. A catalyst according to Claim 13, wherein the 
amount of Mo0 3 , expressed as wt% Mo, is an amount up to 
15 wt% Mo. 

19. A catalyst according to Claim 18, wherein the 
amount of Mo0 3 is from about 0.5-15 wt% Mo. 

20. A catalyst according to Claim 13, wherein the 
silica support is an acid washed silica gel. 
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21. A catalyst according to Claim 13, wherein the 
silica support is an acid washed precipitated silica. 

22. A catalyst suitable for the partial oxidation 
of methane comprising MoO^ on a silica support having a 
silica purity of at least 99.99% silica, a total 
impurity level less than 100 ppm, and having a low 
sodium content of less than 50 ppm f said amount of Mo0 3 
being at least a catalytically effective amount and up 
to an amount where the Mo content is about 50% by 
weight of the catalyst. 

23. A catalyst according to Claim 22 , wherein the 

silica support has a BET nitrogen surface area of at 
2 

least 20 ra /g. 

24. A catalyst according' to Claim 22, wherein the 
sodium content is less than 4 ppm. 

25i A catalyst according to Claim 24, wherein the 
sodium content is less than 2 ppm. 

26. A catalyst according to Claim 25, wherein the 
sodium content is 1 ppm or less. 

27. A catalyst according to Claim 22, wherein the 
amount of Mo0 3 , expressed as wt% Mo, is an amount up to 
15 wt% Mo. 

28. A catalyst according to Claim 27, wherein the 
amount of Mo0 3 is from about 0.5-15 wt% Mo. 

29. A catalyst according to Claim 22, wherein the 
silica is made by the hydrolysis of silicon 
tetraalkoxides . 



\ 
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AMENDED CLAIMS 
[received by the International Bureau on 16 July 1986 (16.0756); 
original claim 29 cancelled; claims 13 and 22 amended; other claims unchanged (2 pages)] 

10. A process according to Claim 9, wherein the sodium 
content is less than 2 ppm. 

11. A process according to Claim 1, wherein the silica 
support is an acid washed silica gel. 

12. A process according to Claim 1, wherein the silica 
support is an acid washed precipitated silica. 

13. A catalyst suitable for the partial oxidation of 

methane comprising 

a low sodium silica support selected from the group 
consisting of silica gel, precipitated silica, and 
mixtures thereof which has been made by the sustained 
washing of the silica with acid until the sodium content 
has been lowered to less than 350 ppm; and 

Mo0 3 on the acid washed support which is present in 
an amount from a catalytically effective amount for the 
partial oxidation of methane up to an amount where the Mo 
content is about 50% by weight of the catalyst. 

14. A catalyst according to Claim 13, wherein the silica 
support has a BET nitrogen surface area of at least 20 m /g. 

15. A catalyst according to Claim 13, wherein the sodium 
content is less than 100 ppm. 

16. A catalyst according to Claim 15, wherein the sodium 

content is less than 20 ppm. 

17. A catalyst according to Claim 16, wherein the sodium 
content is about 1 ppm or less. 

18. A catalyst according to Claim 13, wherein the amount 
of MoO,, expressed as wt% Mo, is an amount up to 15 wt% Mo. 

19. A catalyst according to Claim 18, wherein the amount 
of MoO- is from about 0.5-15 wt% Mo. 

20. A catalyst according to Claim 13, wherein the silica 
support is an acid washed silica gel. 

21. A catalyst according to Claim 13, wherein the silica 
support is an acid washed precipitated silica. 
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22. A catalyst suitable for the partial oxidation of 
methane comprising Mo0 3 on a silica support made by the 
hydrolysis of silicon tetraalkoxides and having a silica purity 
of at least 99.99% silica, a total impurity level less than 100 
ppm, and having a low sodium content of less than 50 ppm, said 
amount of Mo0 3 being at least a catalytically effective amount 
and up to an amount where the Mo content is about 50% by weight 
of the catalyst. 

23. A catalyst according to Claim 22 , wherein the silica 
support has a BET nitrogen surface area of at least 20 m 2 /g. 

24. A catalyst according to Claim 22 , wherein the sodium 
content is less than 4 ppm. 

25. A catalyst according to Claim 24 , wherein the sodium 
content is less than 2 ppm. 

26. A catalyst according to Claim 25, wherein the sodium 
content is 1 ppm or less. 

27. A catalyst according to Claim 22 f wherein the amount 
of Mo0 3 , expressed as wt% Mo, is an amount up to 15 wt% Mo. 

28. A catalyst according to Claim 27, wherein the amount 
of MoO* is from about 0.5-15 wt% Mo. 
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STATEMENT UNDER ARTICLE 19 

Claims 13 and 22 have been amended and Claim 29 cancelled. 
Pages 27 and 28 have been replaced with new pages 27 and 28 
submitted herewith. 

Claim 13 has been rewritten in terms of a low sodium 
silica support and the Mo0 3 on the support. Claim 13 specifies 
that the low sodium silica support has been made by the 
sustained washing of the silica with acid until the sodium 
content has been lowered to less than 350 ppm. 

Claim 22 specifies that the silica support is made by the 
hydrolysis of silicon tetraalkoxides as was set forth in Claim 
29 which has been cancelled. 
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